Abstract
Among the myriad of problems associated with evaluating the performance of individual screening programmes in the National Health Service breast screening programme is that of correcting for background breast cancer incidence in the catchment areas of individual programmes. The background incidence will affect not only the expected cancer detection rate at screening, but also the interval cancer rates. This paper proposes a method that can be used to correct for background incidence. The method can be used either to correct the crude cancer detection rate or the age adjusted cancer detection rate using a measure such as the standardised detection ratio. Variation in background incidence and age distribution of screened women are the two major factors affecting the expected cancer detection rate for individual screening programmes. Control of these two variables should allow more effective evaluation of individual screening programme performance. (Journal of Medical Screening 1996; 3:82-84) Key words: breast cancer; monitoring; background incidence.
The detection rate of invasive cancers by screening programmes in the National Health Service breast screening programme depends on many factors. Until recently, the performance of individual screening programmes has been evaluated using the crude cancer detection rate for women aged 50-64. This figure has included in situ cancers, though recent targets have considered the invasive cancer detection rate only. To use the invasive cancer detection rate as a measure of individual screening programme performance, and to assess each programme's individual contribution towards reaching the Health of the Nation target, both the age distribution of screened women and the background incidence of breast cancer in the programme's catchment area need to be considered. The problem of differing age distributions of screened women between programmes has been considered in the accompanying paper. This paper will discuss the problem of correcting for background incidence of breast cancer in the catchment areas of individual screening programmes, and will suggest a method of producing such correction factors.
Methods

MAPS OF BACKGROUND INCIDENCE OF CANCER
A major problem in producing maps of cancer incidence in England and Wales has been that of correcting for differences in completeness of data between cancer registries covering different regions. This problem was overcome in 1993 by the publication of the Atlas of cancer incidence in England and wales.' The maps in this volume show the relative risks of cancer in each county (the atlas uses the pre-1974 counties) of England and Wales compared with all other counties, as estimated by means of age adjusted odds ratios. Odds ratios unlike incidence rates are not dependent on completeness of registration of cancers overall in the different counties. The maps consider the period 1968-85, which is advantageous when considering background incidence correction factors for screening programmes for two reasons: firstly, a sufficient time period has been allowed in which to achieve statistical stability, and secondly, the National Health Service breast screening programme started in 1987, and incidence figures after that date will to some extent reflect the performance of screening programmes in detecting cancers. The only exception is for the screening programme in Guildford (Surrey), which started screening women on a population basis in 1979.' The map appropriate for the calculation of background incidence correction is that for "cancer of the breast, females aged 45 + , 1968-85", which is map 42 in the atlas.
PROGRAMME CATCHMENT AREAS
In addition to the odds ratios shown on the map, a further correction factor can be used if a screening programme catchment area is exclusively rural, urban, or metropolitan, and the catchment area only represents a portion of the county. The correction factors (given in the atlas) for rural/urban/metropolitan areas are in the ratio 1:0.98:0.94 respectively, the relative risk being lower in metropolitan than in rural areas. In practice these correction factors are not necessary for many screening programmes because either (a) the programme's catchment includes all three types of area; or (b) the catchment covers a whole county (for example, Cornwall); or (c) the catchment is in a county (for example, Greater London) that is exclusively of one area type.
Greater London provides a further problem because of the large population and number of screening programmes. The relative risk for breast cancer of 1.034 for this area can only be considered as an approximate figure and further information is required to produce correction factors for screening programmes in this area. Table 1 shows the screening programmes by type of catchment area. There are 93 programmes in this table, compared with 88 screening programmes in existence in the 1993-94 screening year (Scotland and Northern Ireland counting as one screening programme each). This is because the screening programmes themselves are dynamic entities, and a number have merged or split since the start of the programme.
CORRECTING THE STANDARDISED DETECTION RATIO FOR BACKGROUND RISK
Background correction factors can be used to correct either the crude invasive cancer detection rate or the standardised detection ratio (SDR). The SDR can be corrected for background risk by multiplying the expected number of cancers by the background correction factor. For example, a screening programme covering Cornwall, which has a low background incidence, will have the expected cancers multiplied by 0.947, which will lower the number of expected cancers and consequently increase the SDR. In contrast, a theoretical screening programme which covers the county of Norfolk will have the expected number multiplied by 1.077, which will increase the number of expected cancers and decrease the SDR. It is simple to produce a correction factor for a screening programme such as that in Cornwall, which covers the whole of that county, but for screening programmes whose catchment area covers more than one county, or, for example, where the catchment area covers only the rural part of a county that has rural, and/or urban and metropolitan areas requires more complex estimates. These estimates can be achieved by using population statistics to weight the county relative risk and catchment area figures.
EXAMPLE OF ESTIMATING CORRECTION FACTORS
To demonstrate the estimation of correction factors for screening programmes with more complex catchment areas the four screening programmes from the Northern Region will be used. These four screening programmes represent an area with the lowest breast cancer incidence in England and Wales and the most extreme correction factors. Most other programmes will have correction factors closer to unity. Table 2 shows further details of the four screening programmes.
We will consider the correction factor for Cumbria. This programme has a catchment of three district health authorities: East Cumbria, West Cumbria, and South Cumbria. East Cumbria covers an area which is partly Cumberland and partly Westmorland. West Cumbria is geographically part of Cumberland, and South Cumbria is geographically part of Westmorland. Consequently, the West Cumbria relative risk is 0.785, South Cumbria is 0.998, and East Cumbria approximately 0.892 ((0.785 + 0.998)/2).
Weighting by the population of women of screening age, gives 0.898 as the correction factor: ((35 000 x 0.892) + (31 900 x 0.998) + (26 000 x 0.785)) / 92 900 =0.898.
The correction factor can be applied to the SDR calculation by multiplying the number of expected invasive cancers by 0.90, or multiplying the SDR by the reciprocal -that is, 1.11. The correction factor is only approximate, and therefore is best quoted to only two decimal places. No additional correction factor related to rural/urban/city catchment is considered necessary because the screening programme covers the whole of Cumberland and Westmorland. Table 3 shows the range of suggested correction factors for individual programmes within each region, together with the mean of the values and the number of programmes in each region. 
Discussion
This initial analysis suggests that "background incidence correction factors for individual programmes will change the SDR by a maximum of 15%, and in general for most programmes by much less than this. The correction factors can be seen to be particularly important for programmes from the north of England where, without the use of correction factors, targets for cancer detection rates set by the National Health Service breast screening programme will be much harder to achieve. The suggested correction factors as presented in this paper represent a rather crude first step in the use of the map. Correction factors for Northern Ireland and Scotland are required together with more detailed examination of screening programmes in Greater London. Further refinement of the values may Such an "ideal" map would include Scotland and Northern Ireland and be for women aged 50-64 only. The importance of producing such background factors is unquestionable, not only do they provide for better evaluation of the invasive cancer detection rate of each programme as measured by the SDR score but are also needed to interpret interval cancer rates. At present interval cancers arising from each screening programme or each region for the first, second, and third years after a negative screen are being compared with the expected interval cancer rates calculated using the underlying England and Wales incidence rates. This may lead to an error of up to 15% if the England and Wales rates are used rather than the rates relating to a screening programme or region.
• Number of programmes in screening year 1993-94. "Not calculated" measures due to insufficient available information.
be obtained by using more sophisticated techniques, such as the graphical information system, to equate screening programme catchment areas with relative risks by county," One possible future development could be the provision of a map specifically for the National Health Service breast screening programme.
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